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In recently reported experiments (1), we have pointed out that the 
non-protein nitrogen of the blood may show a  considerable increase 
above normal due to intestinal obstruction or the presence of a closed 
intestinal loop.  A  definite rise  in  blo~d non-protein nitrogen may 
be  found in  association with  general peritonitis or  septicemia, and 
an acute rise can be demonstrated following an injection of a  toxic 
proteose  (1).  We  have  repeatedly  observed  an  increase  of  over 
100 per cent non-protein nitrogen in the blood within 3  or 4  hours 
following an intravenous injection of 100 to 300 rag. of purified pro- 
teose obtained  from closed intestinal loops.  Such  an increase  can 
scarcely  be  accounted for  by  any  kidney retention of  non-protein 
nitrogen.  This  observation  suggested  strongly  that  there  might 
be  a  marked protein  or  tissue  disintegration  associated  with  pro- 
teose intoxications. 
The  experiments reported  below give  a  suitable  explanation for 
the  high  non-protein  blood  nitrogen  in  the  acute intoxications. 
They show that  the injection of a  toxic proteose will cause  a  pro- 
found  upset  in  the  body  metabolism.  Fasting  dogs  which  have 
reached a  base-line of nitrogen elimination when given a  single pro- 
teose injection will show a remarkable increase in total urinary nitro- 
gen-often an increase of 4 to 6 gin. of nitrogen above the base-line 
level.  This  indicates  a  considerable  destruction  of  body  protein, 
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which is  effected by the  poison.  With  a  distinct proteose intoxica- 
tion,  there  are  evident  clinical  signs  and  symptoms, vomiting,  diar- 
rhea,  low  blood  pressure,  and  a  temperature  reaction.  Curiously 
enough  the  greatest  amount  of  nitrogen  is  usually  excreted  during 
the second 24 hours following the injection when the dog may appear in 
approximately  a  normal  condition.  Evidently  the  tissue  disinte- 
gration  produced  by  the  proteose  is  not  so  prompt  as  the  clinical 
reaction  or  there  is  considerable  delay  in  elimination  of  the  end- 
products  which  result  from  this  tissue  injury.  The  reaction  often 
lasts  4  to  6  days  after  a  single  injection,  and  indicates  a  profound 
disturbance of protein metabolism. 
Methods. 
All the experiments  were performed  upon fasting dogs.  The tables  show the 
urinary and fecal nitrogen  during fasting periods.  The dogs were kept in stand- 
ard metabolism  cages with  wire mesh  floors and metal bottoms having a  sharp 
pitch toward the collecting spout.  This type of cage assured the minimum amount 
of urine  evaporation.  The  urine  flowed into  a  glass  container  in which  were 
placed 2 or 3 cc. of glacial acetic acid to neutralize  any chance alkaline reaction 
of the urine.  At l0 a.m.  each day the dogs were catheterized,  and the bladder 
was rinsed out and left empty.  The cages were then cleaned, and the cage wash- 
ings carefully saved  to be used in making up the urine  to a unit volume of 1 or 
2 liters.  If solid  feces were  passed,  the  material  was  kept  separate  from the 
cage washings, but semifluid or fluid  feces were  combined  with the cage wash- 
ings and analyzed as a unit.  The total nitrogen of urine and feces was determined 
in  the  usual  way by the  Kjeldahi  method.  All  determinations  were  done  in 
duplicate. 
It will be noticed that  the  dogs  were not given  uniform  amounts of water 
each day,  as  is desirable to obtain a uniform  basal  nitrogen  elimination  during 
periods  of fasting.  There  were  two reasons  for this.  Dogs with  proteose in- 
toxications  of various kinds are apt to vomit, and will vomit very promptly any 
fluid given by stomach, which tends to complicate the picture.  Secondly, it is not 
necessary  to have these dogs on a uniform base-line of nitrogen elimination,  be- 
cause  the  reactions  following the proteose  injections  are so marked.  The dogs 
were permitted to drink water as they desired, but no food of any kind was given 
during the experimental  period,  unless  a  note is made  to  that  effect. 
Proteose  injections  were usually  given about noon or shortly after that time. 
In all  the  experiments  the dogs were lightly anesthetized  for about 5 minutes 
to facilitate  the injection  of the proteose  solution  into the jugular vein.  Injec- 
tions were made rather slowly by means of a needle in the vein, but were usually 
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The proteose was obtained from human or dog material, as indicated in the 
various tables.  The preparation  and isolation of such  proteose material have 
been described in  another publication  (2).  The fresh material from a  case  of 
obstruction or a closed intestinal loop may in some cases be diluted with distilled 
water, if it is too thick to handle easily, and then precipitated with five volumes of 
95 per cent alcohol.  This precipitation is complete in a few hours, and the pre- 
cipitate can be used then or after a period of weeks, as no change occurs in this 
alcoholic  mixture.  The  precipitate  is  collected  by  centrifugaiization  and  dis- 
solved  in  distilled  water  usually  to  a  volume  three  times  greater  than  the 
volume  of  fluid  originally precipitated by the  alcohol.  This solution  may be 
rich  in  albumins.  It  is  brought  to  a  boil,  and a  few drops of acetic acid are 
added to promote coagulation, a  reaction faintly acid to litmus.  The coagulum 
is removed by filtration, leaving a clear, slightly opalescent fluid.  This is made 
faintly alkaline to litmus, brought to a boil,  and cooled.  This may give a faint 
precipitate, which is removed by filtration.  The solution contains  a  toxic  pro- 
tense, and may be given as such  intravenously.  If desired,  this  solution  may 
be again precipitated by alcohol,  collected  in the centrifuge, dissolved  in  water, 
boiled  in  a  faintly acid solution, filtered,  and made up to  faint  alkalinity.  Or 
further  purification  can  be  accomplished  by  one-half  saturation  with  mag- 
nesium  sulfate,  removal  of  the  precipitate,  solution  in  water,  and  dialysis 
to remove the excess of salt.  The toxic fraction in this material  is  easily  pre- 
cipitated  by  alcohol  or  magnesium  sulfate,  and  the  chemical  reactions  as 
well  as  its  biological  characteristics  indicate  that  this substance is a  primary 
proteose (2). 
EXPERIMENTAL  OBSERVATIONS. 
Dog 16-110.--(Table  I.)  Sturdy, black cocker spaniel;  adult male. 
February ii, 1916.  Isolation  in metabolism  cage with no food. 
The dog was normal, and no injections  of proteose had been given 
previously. 
The proteose was obtained from a human  case of intestinal  ob- 
struction at operation. This fresh material was precipitated with 
alcohol, and the proteose isolated  in the usual manner.  The same 
material  was used in  both injections  (Table I), in  the  first injection 
25 cc., and in the second injection 35 cc. of a  standard solution.  The 
clinical  reaction  is much  the  same in  the  two  experiments,  showing 
some  increased  tolerance  for  the  poison.  The  increase  in  nitrogen 
elimination  lasts  longer  following  the  first  injection,  but  the  total 
increase  above  the  mean  is  about  the  same in  both instances, about 
6 gm. of nitrogen. 
Dog  16-109  (Table II) gives a  better illustration of the tolerance to 464  PROTEOSE  INTOXICATIONS AND  BODY  PROTEIN.  I 
proteose injection  which may develop promptly following  the  initial 
injection and protect the body against the injury which is evidenced 
by clinical  symptoms and  the  rise in  the  curve of urinary  nitrogen. 
Dog  16-110  also  shows  a  distinct  diuresis  following  the  proteose 
injection.  The volume output of urine  was  not followed carefully in 
this  experiment,  but in a  later experiment we find  that  this  dog put 
TABLE  I. 
Proteose Injections.  Total Nitrogen Elimination. 
Dog 16-110.  Normal. 
Day. 
1 
2 
Urine.  Feces  nitrogen.  Weight. 
Nitrogen.  Amount. 
gra.  co.  gin.  lbs. 
2.91  --  0  29.0 
3.02  --  0.62*  28.5 
Remarks. 
Fasting  previous 4  days. 
2  Proteose from human intestinal obstruction.  Moderate intoxication. 
3  1.09*  Temperature 
9 
10 
11 
12 
13 
14 
2.06 
5.03 
4.42 
4.64 
3.60 
2.97 
D 
8OO 
55O 
550 
27.5 
27.3 
26.8 
26.5 
26.1 
26.1 
Feces  and  vomitus. 
38.5°C. 
Temperature 38.4°C. 
Diuresis.  Dog normal. 
Temperature 38.3°C. 
8  Proteose from human intestinal obstruction.  Larger dose and same reaction. 
3.64* 
5.82 
5.11 
3.51 
2.66 
2.82 
1,100 
700 
0 
0 
0 
0.58 
0 
25.5 
24.9 
24.5 
24.1 
24.0 
23.8 
Definite intoxication. 
Diuresis.  Temperature 38.3°C. 
Clinical improvement. 
Dog normal. 
Normal urine output (200 cc. average). 
* Feces  and  cage  washings. 
out  about  200  cc.  of urine  per  24  hours.  This  gives sufficient  con- 
trol  to  show  the  extreme diuresis  during  the  period  of high nitrogen 
output  following  the  proteose  injections. 
Dog 16-109.--(Table  II.)  Strong, old fox-terrier; male.  This dog 
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been  normal  during  a  considerable  period  of  observation  in  the 
laboratory.  The details of the proteose injections are given in Table 
II.  The proteose used in both injections was obtained from a closed 
loop of dog's intestine, precipitated by alcohol, and prepared in the 
usual way.  The first injection of 25 cc. of a standard solution caused 
a  moderate  clinical intoxication  with  considerable increase in  the 
total nitrogen elimination as usual.  The usual temperature reaction 
TABLE  TT. 
Praeose Injections.  Total Nitrogen Elimination. 
Dog 16-109.  Normal. 
Urine. 
Feces  Weight.  Remarks.  Day.  nitrogen. 
Nitrogen.  Amount. 
gin.  ¢c.  gin.  lb$. 
1  3.76  --  0  22.3  Fasting  previous  4  days. 
2  3.08  --  0.53  22.0  Temperature 38.9°C. 
2  Proteose from dog intestinal loop.  Moderate intoxication. 
Temperature 38.7°C. 
9 
I0 
11 
12 
3.76 
4.53 
3.58 
3.33 
3.40 
3.09 
275 
34O 
250 
0122" 
0 
0 
0 
0 
0.39 
21.5 
21.0 
20.8 
20.4 
20.0 
19.8 
Proteose from dog intestinal loop.  Slight intoxication. 
2.56 
3.52 
2.91 
2.94 
6O0 
3OO 
0.85*  19.0  Complete recovery. 
0  18.8  Temperature 38.7°C. 
0  18.6 
0  18.3 
* Feces and  cage washings  including vomitus. 
(Table  VI)  occurred,  and  there  was  repeated  vomiting and  slight 
diarrhea.  The second injection caused only slight clinical intoxication, 
yet 40 cc. of the same standard solution were injected intravenously. 
There was a  slight temperature reaction and only a  trivial increase 
in urinary nitrogen.  This is a good example of the tolerance which 
may develop following proteose injections.  It should be emphasized 
that  there is  nothing specific  about  this  immunity or  tolerance to 
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Dog 16-46.--(Table  III.)  Lean,  active, mongrel  fox-terrier;  adult 
male. 
November,  1915.  The dog was injected with a  proteose obtained 
from the pancreas, and was slightly intoxicated.  During this time and 
for several weeks later  the  animal  was suffering from  a  moderately 
severe  attack  of  distemper.  A  good  recovery  from  the  distemper 
was made in 2 or 3 weeks. 
February  27,  1916.  Dog  in  good  condition.  The  details  of  the 
experiment  are  given  in  Table III.  The  first injection  of proteose 
from a  human  case of general peritonitis  gave no clinical symptoms 
of intoxication,  but we  cannot  state  whether  there  might  not have 
been a  rise in urinary  nitrogen  on the 2nd  day following, as, unfor- 
tunately,  a  second  dose  of  proteose  from  a  closed  intestinal  loop 
was given.  This injection  caused a  slight amount of clinical intoxi- 
cation  but  a  considerable  rise  of urinary  nitrogen,  which  persisted 
for  a  long  time. 
TABLE IlL 
Proteose Injections.  Total  Nitrogen Elimination. 
Dog 16--46.  Immune. 
Day. 
1 
2 
3 
Urge. 
5 
6 
7 
8 
9 
10 
Nitrogen.  Amount. 
gm.  C¢. 
2.83 
2.95 
2.38 
nitrogen. 
0 
0.98* 
0 
Weight. 
~b$. 
25.4 
25.0 
24.5 
Remarks. 
Fasting previous 5 days. 
Temperature 38.2°C. 
3  Proteose  from human peritonitis.  No intoxication. 
4  2.411  --  I  0.67" [  24.3 ]Temperature38.3°C. 
4  Proteose  from dog intestinal loop.  Slight  intoxication.  o51 113123 
4.97  0.84"  23.1 
4.17  0  22.5 
3.55  0  22.0 
3.37  0  21.9 
3.40  0  21.8 
Dog active.  Temperature  37.80C. 
Clinically normal. 
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In some experiments following a proteose injection, we have found 
that  the  curve  of urinary nitrogen  did  not  return  to  the  original 
base-line during the period of observation, in spite of clinical evidence 
for  a  complete return  to  normal.  Some  of  these  dogs  have  been 
killed, and autopsy showed a  small focus in a  lung, perhaps due to 
an  old  distemper infection.  Again an  endocarditis has  been found 
in  several  cases.  Some  cases  may  be  negative,  and  we  may  be 
forced to assume that the body cells have been so injured that they 
are unable to repair the injury and return to normal during the period 
of observation. 
TABLE  IV. 
Proteose Injections.  Total Nitrogen Elimination. 
Dog 16-114.  Slight Distemper. 
Urine. 
Feces  Weight.  Remarks.  Day.  nitrogen. 
Nitrogen.  Amount. 
gra.  cc.  gin.  lbs. 
1  4.53  --  0  34.4  Fasting previous 5 days. 
2  4.56  180  0  34.0  Distemper suspected. 
2  Proteose  from  dog  intestinal  loop.  Moderate  intoxication.  Vomiting,  no 
diarrhea. 
3  180  0  5.71" 
5.15 
6.36 
5.14 
4.91 
4.71 
4.50 
410 
2OO 
180 
2OO 
2OO 
0  • 
0 
0 
0 
0 
0 
33.8 
32.8 
32.1 
31.8 
31.3 
31.0 
30.6 
Temperature38.6°C.  Slight  intoxica- 
tion. 
Temperature 38.3°C.  Diuresis. 
Dog seems normal. 
Note the normal after-period (nitrogen 
=2.85). 
* Vomitus included. 
Dog  16-114.--(Table  IV.)  Large,  short-haired,  mongrel;  adult 
male.  This dog was suspected of having a mild infection of distemper 
(Bacillus bronchisepticus), but  the  experiment was  carried  through 
and no definite clinical symptoms of distemper developed.  It was 
not until a later metabolism period (6 months later) that  it was evi- 
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base-line  of  nitrogen  elimination  was  2.85  gm.  per  24  hours.  We 
have observed several similar cases, and in certain experiments have 
observed a  sharp  rise  in  basal nitrogen  elimination  with  no  clinical 
symptoms,  followed after  several  days  of high  nitrogen  elimination 
by the  usual  clinical  picture  of distemper.  This  point must  be  al- 
ways kept in mind in work of this kind on dogs that are  susceptible 
to  distemper. 
It should be noted that even with the high basal excretion of urinary 
nitrogen,  the  proteose  injection  causes a  rise in  the nitrogen  curve. 
This  dog shows that  the presence of one intoxication causing a high 
level  of nitrogen  excretion  does not  in  any  way interfere  with  the 
reaction  following a  single proteose injection. 1 
Tables V and VI give the results of three simultaneous experiments 
with  proteose  injection.  The  proteose  was  obtained  in  the  usual 
way by alcoholic precipitation  of dog intestinal  loop fluid,  and  was 
further  purified  by  a  second  alcoholic  precipitation.  The  solution 
was given  intravenously,  1  cc.  per  pound of body weight,  and  the 
clinical  reactions  can  be  followed  in  Table  VI.  The  three  dogs, 
active,  strong,  mongrel  fox-terriers,  were  all  in  normal  condition. 
Dogs  16-109 and 16-46 had beel~ injected three timespreviously with 
proteose solutions, and were supposed on the basis of other experiments 
to have a  certain degree of tolerance or immunity  to subsequent pro- 
teose injections.  This  comes out in  a  study of  these  two  tables. 
The  temperature  reactions in practically  all  our experiments  were 
followed as in  these experiments  (Table VI), but it is not necessary 
to  record  these  observations,  because  the  reaction  following a  pro- 
teose injection is  so constant.  These  three  dogs are  given as  char- 
~cteristic examples. 
Tables  V  and  VI  show several interesting  points.  They confirm 
the  previous  experiments,  and  show  the  great  rise  in  total  urinary 
nitrogen which follows an intoxication produced by a proteose.  This 
rise in urine nitrogen may last over several days, whereas the clinical 
intoxication is obvious for only a  day or two, and the febrile reaction 
is  over  within  12  hours. 
I Compare Table  I  in the following paper,  where a chronic intoxication due 
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It is seen that the non-immune dog shows the most intense clinical 
reaction to the proteose poison, and the highest rise in urinary nitro- 
gen above the mean base-line average.  The non-immune dog shows 
the initial delay in nitrogen elimination, the greatest rise above normal 
occurring in the second 24 hours.  Of the two immune dogs, the larger 
dog (No. 16-46) shows less clinical intoxication, a higher temperature 
TABLE  V. 
Proteose Injections.  Normal and Immune Dogs.  Total Nitrogen Elimination. 
1 
2 
3 
4 
5 
6 
7 
'8 
9 
Urine  Feces 
nitro-  nitro- Weight 
gen.  gem. 
gin.  gin.  lbs. 
2.52  0  19.6 
2.46  0  19.5 
2.52  0  19.4 
2.49  0  19.0 
Dog 16--4.  Dog 16-109.  Dog 16--46. 
Non-Immtme.  Immune.  Immune. 
Remarks. 
Urine  Feces 
nitro-  nitro- Weight. 
gon.  gen. 
gin.  gin.  lbs. 
2.49  0  19.8 
2.52  0  19.5 
2.46  0  19.1 
2.62  "-  18.9 
Urine  F¢c¢~ 
nitro-  nitro~  Teight, 
gen.  gen. 
gin.  gin.  lb$. 
2.30  0  24.5 
2.32  0  24.0 
2.24  0.36  23.6 
2.27  0  23.3 
Fasting  previ- 
ous 4 days. 
Proteose injection.  Loop fluid reprecipitated by alcohol.  Unit amount per pound 
of body weight. 
3.61  1.09"1  18.0  2.49*[  4.62"1  in 
4.42 
3.54 
270 
2.93 
i  '1  18.0  o  17s 
17.3 
17.0 
17.0 
Severe intoxication. 
2.49  ~:  18.3 
3.57  [  0  17.9 
3.08  I  0  17.6 
2.44  [  0  17.5 
2.53  I  0  17.3 
Nitrogen  excretion 
above' the  mean 
5.89 gm. 
Moderate  intoxica- 
tion. 
Nitrogen  excretion 
above  the  mean 
=  1.51 gin. 
4.6T ~  -"  22.5 
3.22  ]  0  22.0 
i 
2.66  0  21.9 
2.58  0  21.6 
3.01  0  21.6 
Moderate  intoxica- 
tion. 
Nitrogen  excretion 
above the mean 
=  4.69 gin. 
Vomitus 
cage. 
* Feces  and  cage  washings  included. 
reaction,  and  a  more  prompt  elimination  of  nitrogen.  It  should 
be kept in mind that the proteose injection was proportional to body 
weight, and we must reduce the nitrogen figures of Dog 16--46 by 20 per 
cent before comparing them with the figures of  Dog 16-109 or Dog 
16-4.  It has been shown in previous communications that dogs show 470  PROTEOSE  INTOXICATIONS  AND  BODY  PROTEIN.  I 
individual  variations  in  their  reaction  to  proteose injection,  and  we 
cannot  expect  the  results  to  be  uniform.  It  is  safe  to  say  that  in 
general  the  dog  which  has  had  previous proteose  injections  will  be 
less  disturbed  by  a  standard  unit  proteose  injection,  and  will  show 
less increase in  urinary  nitrogen  above the  mean  base-line  excretion 
TABLE  VI. 
Proteose Injections.  Normal and Immune Dogs.  Temperature and Clinical 
Reactions. 
Dog 16-4.  Non-immune.  Dog 16-109.  Immune.  Dog 16-46.  Immune. 
Hour. 
Temper-  Clinical reaction.  Temper.  Clinical  reaction.  Temper-  Clinical  reaction.  ature,  ature,  ature. 
p.m.  °C.  °C.  °C. 
12.30  ~  37.9  38.4  Feces  and vomi-  38.0  Feces. 
tus. 
1.00  38.3  Vomitus, diar-  38.5  Vomiting.  38.2  Vomiting. 
rhea. 
1.30  37.8  More diarrhea.  38.6  Bile-stained  39.0  Diarrhea. 
vomitus. 
2.00  37.9  Diarrhea  and  39.1  Pulse  pressure  39.4  " 
tenesmus,  fair. 
2.30  38.5  Vomiting con-  39.5  39.8  Pulse  pressure 
tinues,  good. 
3.00  38.9  Gelatinous diar-  39.9  Diarrhea and  40.3  Vomiting. 
rhea.  tenesmus. 
3.20  39.2  Pulse  tension  40.1  40.4  No prostration. 
poor. 
4.00  39.4  Prostration,  39.8  Vomiting.  40.6  Slight intoxication. 
vomiting. 
4.30  39.5  Severe  intoxica-  39.6  No prostration.  40.2 
tion. 
5.00  39.3  39.3  Recovery begin-  39.7 
ning. 
6.00  39.4  Clinical  im-  39.1  38.9  Recovery  almost 
provement,  complete. 
* A unit  amount of pure proteose per pound of body weight was given intra- 
venously at  12.10 to  12.20 p.m. 
than  the  normal  control  (see  also  Tables  I  and  II).  This  comes 
out in a more striking manner in later experiments.  In Dog 16-110, ~ 
a  lethal  dose of proteose is survived with  a  small nitrogen  increase, 
See Table I  of the following paper. G. H. WHIPPLE  AND  J. V. COOKE  471 
because of the presence in this dog of a  closed intestinal loop causing 
chronic  intoxication  and  a  high  tolerance  to  proteose. 
The  temperature  reaction  foUowing a  proteose injection  is the re- 
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T~xT-FIG. 1.  Proteose injections. 
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Total nitrogen elimination.  The arrows 
sultant  of  two  or  more  factors.  There  is  a  tendency  for  a  small 
dose to  cause a  certain  temperature  rise and a  larger  dose a  higher 
temperature,  but a  severe intoxication  often shows a  period of sub- 472  PROTEOSE  INTOXICATIONS AND  BODY  PROTEIN.  I 
normal temperature during the time of prostration followed by a rise 
with clinical improvement (Dog 16-4).  Fatal poisoning usually shows 
a  steady  fall  in  temperature  to  a  low  level  before  death.  There 
may be a  slight initial rise above normal in  these fatal cases. 
DISCUSSION. 
The  experiments  tabulated  above  are  a  unit  as  regards  several 
points.  The  fasting dog with  a  base-llne of nitrogen excretion re- 
acts  promptly  and  characteristically to  a  toxic  proteose  given  in- 
travenously.  The clinical reaction is violent and abrupt, but passes 
off rapidly.  The  urine  shows  a  great increase above  the  base-line 
nitrogen  elimination.  The  rise  above  normal  may  be  present  in 
mild intoxications on the 1st day or absent at first in severe intoxi- 
cations.  The second 24 hour period usually shows the most marked 
rise  above  normal,  often  twice  normal  and  even  three  times  the 
normal amount of nitrogen in the urine.  The curve of nitrogen excre- 
tion does not fall promptly to normal, but declines slowly, and may 
persist for 4  to  7 days or even longer following a  single injection of 
proteose.  This  fact indicates  a  definite tissue  or  protoplasmic  in- 
jury which is  not  adjusted promptly. 
There is  usually more or  less  dluresis  at  this  time,  and in  some 
experiments a  remarkable rise in  urine volume  (Table I)  is  noted. 
The  urine volume was not carefully studied in  these particular  ex- 
periments,  but  this  diuresis  comes out  more clearly in experiments 
to  be published in  the near future. 
To  permit  of  a  clean-cut  discussion  of  this  subject  of  proteose 
intoxication,  it  is  necessary to  recall a  few facts which are easy to 
demonstrate by  the injection of a  toxic proteose in  a  normal dog. 
A  small injection of proteose may  be given  through a  hypodermic 
needle in  the jugular vein without anesthesia.  The initial reaction 
is almost instantaneous and within a second or two, even before the 
injection is  completed, the dog will show salivation.  Within 5 or 10 
minutes the dog may begin to vomit bile-stained mucus.  This  will 
continue, depending upon the amount of proteose injected, and feces 
will soon be passed.  Diarrhea may become evident within an hour 
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The  blood  pressure  reaction  may not  appear  for  over  an  hour, 
whereupon  a  progressive  fall  in  blood  pressure  and temperature 
may be  noted  in  severe  cases.  Mucus  and  blood-tinged  diarrhea 
may appear at this time, espedally in cases which end fatally within 
6  hours.  In  some  instances  the  blood  pressure  reaction  may  be 
as prompt as the vomiting.  It is possible that the ether anesthesia 
used  in  some  experiments may explain  some  of  this  delay in  the 
toxic reaction. 
The blood often becomes incoagulable when tested in vitro  follow- 
ing  a  large  proteose injection.  An  excess of  antithrombin  can  be 
demonstrated in  these  cases.  This  is  not  an  absolutely  constant 
finding,  and  is  usually not  demonstrable  after  small  doses  of pro- 
teose,  particularly if  the injection is  made slowly.  Too much em- 
phasis  should not be placed upon  this  factor. 
A  characteristic feature of autopsies  of fatal  cases  of acute pro- 
teose intoxication is  the splanchnic  engorgement (3).  This  is  well 
shown in the spleen, liver, and pancreas.  The mucosa of the small 
intestine,  particularly  the  duodenum,  shows  this  reaction  best-- 
a  velvety purple  engorged mucosa. 
Blood concentration is the rule in almost all cases of acute proteose 
intoxication.  The  blood  is  almost  syrupy,  and  yields  only  one- 
fourth or less of its total volume as plasma when drawn into oxalate. 
Normal dog blood drawn  into  oxalate (1  part to 9)  yields  slightly 
more than one-half by volume of plasma, using the usual speed cen- 
trifuge.  One's  first .thought is  to  explain  this  blood  concentration 
by the vomiting,  diarrhea,  and  consequent loss of fluid.  Butit  is 
possible  to produce  such an  acute  proteose  intoxication that there 
will be scarcely any loss of fluid by vomiting or diarrhea.  A  large 
dose (two or three times a  minimum lethal dose) of proteose may be 
given intravenously and cause death within 2 hours with practically 
no  vomiting and not  a  trace of feces.  These cases may show dry, 
serous surfaces and a  blood which is  syrupy and will yield per  100 
cc. scarcely 5 to 10 cc. of plasma on centrifuging the oxalated blood. 
This  is  almost  conclusive proof  that  much of  the  circulating fluid 
has been taken up by the body tissues.  This evidence for a definite 
tissue injury should not be lost sight of in the discussion which follows. 
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Does this toxic proteose act on the blood plasma, on the blood cells, 
or  upon  the  body tissues,  or  both  plasma  and  cell protein?  That 
the proteose can cause marked changes in metabolism and all grades 
of intoxication  is  obvious. 
The  work  of  Jobling,  Petersen,  and  Eggstein  (4,  5)  and  others 
is usually interpreted to mean that the most important changes take 
place in  the blood plasma.  We believe that  their work can be in- 
terpreted in the light of a  profound cell injury and liberation of the 
ferments into  the blood.  Experiments with blood serum or plasma 
in  vitro  do not disprove  this  point.  Their work shows a  mobiliza- 
tion  of  ferments  demonstrable in  the  blood  following proteose  in- 
jections and other intoxications.  There is a  fluctuation of the fer- 
ment-antiferment balance with periods of protease activity, which is 
believed  to  act  upon  serum  proteins  with  the  formation  of  toxic 
substances  or  split  products. 
We wish  to point out again  the evidence that  there is  a  definite 
tissue reaction following a  large toxic dose of proteose.  The blood 
plasma is greatly concentrated without any marked loss of fluid from 
the body, and it may be assumed that the body protoplasm has taken 
up  much fluid  from  the  blood.  It  may be  argued  that  the blood 
plasma  reaction  is  primary,  and  the  tissue  reaction  is  secondary, 
or vice  versa.  More evidence is  needed to  settle  this  point,  and it 
is possible, if not probable, that both body cells and body fluids react 
to  the initial proteose injection. 
The  long  continued  excretion  of  excess  nitrogen  after  a  single 
proteose injection,  a  period  of 3  to  7  days  or even longer,  speaks 
for  an essential injury to  cell  protoplasm  somewhere in  the  body. 
We have no histological evidence of this injury, but it is now  well 
recognized that  a  cell may be  profoundly disturbed  as  to  function 
without showing any structural variation from normal which we can 
recognize  with  present  methods.  We  have  no  evidence  that  any 
particular organ or  tissue is  picked out by this  toxic proteose,  but 
body cells which are  especially rich in  ferments  may  be  the  most 
susceptible. 
For the sake of visualizing the reaction of this proteose upon cell 
protoplasm, we may assume that the protoplasm is in delicate equilib- 
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persion  equilibrium.  The  toxic  proteose  may  shock  or  disturb 
this delicate physical balance, and a multitude of reactions may take 
place.  The  protoplasm  may  take  up  available  water--hydration 
of a  colloid.  This phenomenon may be  the cause or effect of the 
protoplasmic injury, but it is fairly definite.  There is no evidence that 
this reaction is reversible, but the chain of events when once started 
follows a  well recognized sequence.  It has been  shown (6)  that  a 
short time after a proteose injection ~che blood of the poisoned dog is 
inert  toward a  normal dog.  This again emphasizes the body cells 
as the elements attacked by the proteose, which is so rapidly with- 
drawn from the blood stream. 
Whatever the word picture we use  ferment-antiferment balance, 
physical or colloid balance, or any other--we mean that there is evi- 
dence of a direct injury of cell protoplasm by this toxic proteose.  No 
efficient method of restoring this  balance or undoing the cell injury 
has been discovered.  We know that the body is able to bring con- 
ditions back to normal if the shock has not been too great, but we 
do not understand this mechanism.  We have previously submitted 
evidence (7)  again in favor of the activity of the tissue and organ 
cells.  Repeated  injections  of  sublethal  doses  of  proteose  bring 
about a  certain degree of tolerance or immunity in dogs  (7).  The 
body fluids of these dogs are inactive toward toxic proteoses, but the 
organ  emulsions "and  ferment-containing  organ  extracts  of  these 
dogs destroy in vitro  the toxic proteoses.  It is extremely important 
to study every phase of this reaction in the immune animal, for we 
may  by  such  means  gain  an  understanding of  the  mechanism of 
body defense.  This knowledge may be of great  value in the treat- 
ment of acute intoxications. 
It has been noted that following an injection of proteose, there may 
be a latent period of an hour or more before the grave toxic reaction 
with prostration sets in.  The blood removed at  this time from an 
intoxicated dog is inert toward a  normal animal.  These two  facts 
suggest an initial injury to cell protoplasm, which starts some intra- 
cellular  reaction  resulting  in  protein  splitting  with  the  formation 
of more  toxic substances  and  the final  overwhelming of  the  host. 
This may be spoken of as a vicious circle, where the equilibrium be- 
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balance is  extremely delicate.  If  the  body  reserve  cannot  restore 
this balance, the cells may actually form substances from their own 
protoplasm  which are fatally toxic.  The physical condition of the 
cell may be so changed from normal without any histological change 
that cell life and metabolism are no longer possible. 
It is well known that a proteose injection will cause great destruc- 
tion  of white  cells,  but no  appreciable  red cell injury.  It may be 
assumed that this is primary or secondary to the other reactions which 
have been mentioned.  It is also possible to look upon this as further 
evidence of cell injury by this  toxic proteose--an upset in  the deli- 
cate protein  equilibrium in  these  cells with  disintegration  and per- 
haps  further production of  toxic  split products.  It  is  known that 
white cells are rich in ferments,--so too are liver cells and the epithelial 
cells  of  the  pancreas  and  intestinal  mucosa. 
The tabulated experiments of this paper add some facts concern- 
ing the tolerance or immunity which develops in dogs after repeated 
sublethal doses of proteose.  It is dear that the second or third unit 
dose of proteose will cause, as a rule, much less violent clinical reactions 
(Tables II and VI).  In general, we may say that the immune dog 
will put  out  less urinary nitrogen  than  a  similar  control dog  after 
a  unit injection of toxic proteose.  The clinical features and excess 
of nitrogen elimination are usually in accord;  ~ the reactions tend to 
run parallel,  but we are inclined to  believe that  the curve of nitro- 
gen excretion gives a  more accurate index of body injury caused by 
the proteose than do  the clinical reactions. 
SUMMARY. 
Proteose injections in dogs cause vomiting, diarrhea,  temperature 
reactions,  low  blood  pressure,  prostration,  and,  after  large  doses, 
an excess of antithrombin with incoagulable blood. 
A  single  proteose  injection,  for  example  one-half a  lethal  dose, 
causes abrupt clinical reactions in a  normal dog with apparent com- 
plete recovery within 24  to 48  hours. 
The nitrogen elimination curve in  a  fasting dog under such con- 
ditions  shows  a  great rise in  total  urinary nitrogen.  The  apex  of 
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the injection.  This  rise  may be  over  100  per  cent increase above 
the  mean  base-line  nitrogen  level.  It  does  not  fall  promptly  to 
normal but declines slowly in 3 to 5 days or more toward the original 
base-line  (Text-fig.  1).  This  speaks  for  a  definite cell injury with 
destruction  of  considerable protein  substance  due  to  a  single  pro- 
teose injection.  The  disturbance of cell  equilibrium is  not rapidly 
or promptly restored to  normal. 
A  dog which has received previous proteose injections is partially 
immune  or  tolerant  to  subsequent  injections  of  proteose.  These 
dogs,  as  a  rule,  show less intense clinical reactions and less rise in 
the curve of nitrogen elimination following a  unit dose of standard 
proteose  as  compared with  normal  or  non-immune controls. 
The proteose used in these experiments was prepared as described 
from material obtained in cases of intestinal obstruction or of closed 
intestinal loops. 
These  experiments explain  the  sharp  rise  in  blood  non-protein 
nitrogen  which follows within  a  few hours  the  injection of  a  toxic 
proteose.  They also  point  to  the  correct  explanation  of  the  high 
non-protein nitrogen of the blood found in  intestinal  obstruction  or 
with closed intestinal loops. 
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